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Description
Technical Field

[0001] The present disclosure relates to a processing
execution system, a processing execution method, and
a program.

Background Art

[0002] Hitherto, technologies for estimating a classifi-
cation of predetermined data through use of a model re-
lating to machine learning have been known. For exam-
ple,in PatentLiterature 1, there is described atechnology
for providing a user who has input a search query with
useful information through use of a model which outputs
estimation results for the classification of a keyword in-
cluded in a search query. In the technology as disclosed
in Patent Literature 1, the output of the model is exem-
plified by a domain indicating the type of search result,
the type of search, the type of search target, or the like.

Citation List
Patent Literature

[0003] [PTL 1] JP 2020-16960 A

Summary of Invention
Technical Problem

[0004] However, with the technology as disclosed in
Patent Literature 1, when the accuracy of the model is
not sufficient due to insufficient training data, an inappro-
priate domain is output from the model, and hence there
has been a possibility that useful information cannot be
provided to a user. This point is not limited to such a
model as described in Patent Literature 1, and the same
applies to models for estimating other classifications for
other purposes. For this reason, with the related-art tech-
nology, it has not been possible to obtain a desired result
when the accuracy of the model is not sufficient due to
insufficient training data.

[0005] One object of the present disclosure is to obtain
a desired result even when the accuracy of a model is
not sufficient due to insufficient training data.

Solution to Problem

[0006] According to one aspect of the present disclo-
sure, there is provided a processing execution system
including: a second classification information acquisition
module configured to acquire second classification infor-
mation relating to a classification of second data based
on a firstmodel which has learned a relationship between
first data and first classification information relating to a
classification of the first data; a validity estimation module
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configured to estimate, based on a predetermined esti-
mation method, a validity relating to a combination of the
second data and the second classification information;
and an execution module configured to execute prede-
termined processing based on an estimation result for
the validity.

Advantageous Effects of Invention

[0007] According to the present disclosure, it is possi-
ble to obtain a desired result even when the accuracy of
the modelis not sufficient due to insufficient training data.

Brief Description of Drawings
[0008]

FIG. 1 is a diagram for illustrating an example of an
overall configuration of a processing execution sys-
tem.

FIG. 2 is a diagram for illustrating an example of how
a search is executed from a portal page.

FIG. 3 is a diagram for illustrating an outline of the
processing execution system.

FIG. 4 is a functional block diagram for illustrating
an example of functions to be implemented in the
processing execution system.

FIG. 5 is a table for showing an example of a page
database.

FIG. 6 is a table for showing an example of a search
query database.

FIG. 7 is a table for showing an example of a training
database.

FIG. 8 is a table for showing an example of a query
selection database.

FIG. 9 is a diagram for illustrating an example of a
method of generating training data for a second mod-
el.

FIG. 10 is a flowchart for illustrating an example of
processing executed by the processing execution
system.

FIG. 11 is a diagram for illustrating an example of
functional blocks in Modification Example 8.

FIG. 12 is a diagram for illustrating an outline of
processing executed in Modification Example 8.

Description of Embodiments

[1. Overall Configuration of Processing Execution Sys-
tem]

[0009] Description is now given of an example of an
embodiment of a processing execution system according
to the present disclosure. FIG. 1 is a diagram for illus-
trating an example of an overall configuration of the
processing execution system. A network N is any net-
work, such as the Internet or a LAN. It is only required
that the processing execution system S include at least
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one computer, and is not limited to the example of FIG. 1.
[0010] The search server 10 is a server computer. A
control unit 11 includes at least one processor. A storage
unit 12 includes a volatile memory such as a RAM, and
a nonvolatile memory such as a hard disk drive. A com-
munication unit 13 includes at least one of a communi-
cation interface for wired communication or a communi-
cation interface for wireless communication.

[0011] Alearningserver20is aservercomputer. Phys-
ical configurations of a control unit 21, a storage unit 22,
and a communication unit 23 are the same as those of
the control unit 11, the storage unit 12, and the commu-
nication unit 13, respectively.

[0012] A searcher terminal 30 is a computer of a
searcher being a user who inputs a search query. For
example, the searcher terminal 30 is a personal compu-
ter, a smartphone, a tablet terminal, or a wearable termi-
nal. Physical configurations of a control unit 31, a storage
unit 32, and a communication unit 33 are the same as
those of the control unit 11, the storage unit 12, and the
communication unit 13, respectively. An operation unit
34 is an input device such as a touch panel or a mouse.
A display unit 35 is a liquid crystal display or an organic
EL display.

[0013] A creator terminal 40 is a computer of a creator
being a user who creates data to be searched for. For
example, the creator terminal 40 is a personal computer,
a smartphone, a tablet terminal, or a wearable terminal.
Physical configurations of a control unit 41, a storage unit
42, a communication unit 43, an operation unit 44, and
adisplay unit 45 are the same as those of the control unit
11, the storage unit 12, the communication unit 13, the
operation unit 34, and the display unit 35, respectively.
[0014] Programs or data stored in the storage units 12,
22, 32, and 42 may be supplied via the network N. Fur-
ther, each computer may include atleast one of a reading
unit (for example, a memory card slot) for reading a com-
puter-readable information storage medium or an in-
put/output unit (forexample, a USB port) for inputting/out-
putting data to and from external devices. For example,
a program or data stored in an information storage me-
dium may be supplied via at least one of the reading unit
or the input/output unit.

[2. Outline of Processing Execution System]

[0015] In this embodiment, a case in which the
processing execution system S is applied to a search
service for web pages is taken as an example. The cre-
ator creates a web page, and uploads the web page onto
the search server 10 or another server computer. The
searcher searches for web pages on a browser of the
searcher terminal 30. For example, when the searcher
operates the searcher terminal 30 to access the search
server 10, a portal page of the search service is displayed
on the display unit 35.

[0016] FIG. 2 is a diagram for illustrating an example
of how a search is executed from the portal page. For
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example, the searcher inputs a search query to an input
form F10 of a portal page P1. When the searcher selects
a button B11, the search server 10 executes search
processing for web pages based on the search query. A
search results page P2 which shows search results cor-
responding to the search query input by the searcher is
displayed on the display unit 35 of the searcher terminal
30.

[0017] The searcher uses the search service by input-
ting a search query with some intention. In the example
of FIG. 2, a search query "CG bag Zebra" is input. In this
case, it is inferred that the searcher intends to search for
"computer graphics which depict a zebra-patterned bag."
When the intention of the searcher can be estimated, for
example, the estimated intention can be utilized for mar-
keting in the search service and can increase the accu-
racy of the search results. Thus, such estimation is ex-
tremely useful.

[0018] Inview of this, in this embodiment, the intention
of the searcher is estimated based on a model which
uses machine learning. The model for estimating the in-
tention of the searcher is hereinafter referred to as "first
model." The first model can utilize various machine learn-
ing methods. The first model may be any one of super-
vised learning, semi-supervised learning, or unsuper-
vised learning. For example, the first model may be a
neural network.

[0019] In this embodiment, a relationship between a
title of each web page and an attribute and attribute value
of the web page is learned by the first model. The title is
a character string displayed in a title bar of the browser.
For example, the title includes a keyword which indicates
details of the web page. The title is used as an index at
atime of a search. In this embodiment, it is assumed that
the creator inputs the title, but the title may be automat-
ically extracted from character strings included in the web
page, or may be input by an administrator of the search
service.

[0020] The attribute of the web page is a classification
of the web page. The attribute of the web page can also
be referred to as the type, category, or genre of the web
page. The attribute is represented by letters, numbers,
other symbols, or a combination of those. The attribute
may be any attribute capable of classifying the web page
from a predetermined point of view, and the attribute can
be set from any point of view. For example, a web page
which provides free images is associated with an attribute
"Image." For example, a web page which provides a doc-
ument such as a news article is associated with an at-
tribute "Document.”

[0021] The attribute value of the web page is a specific
value of an attribute. At least one attribute value is asso-
ciated with each attribute. At least one of attribute values
associated with each attribute is associated with the web
page. The attribute value is represented by letters, num-
bers, other symbols, or a combination of those. The at-
tribute value is only required to define the details of the
attribute from a predetermined point of view, and the at-
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tribute value can be set from any point of view.

[0022] Assuming that, for example, an attribute value
"Computer Graphic" and an attribute value "Photograph"
are associated with the attribute "Image," any one of the
attribute value "Computer Graphic" or the attribute value
"Photograph" is associated with a web page of the at-
tribute "Image." Assuming that, for example, an attribute
value "News" and an attribute value "Advertisement" are
associated with the attribute "Document,” any one of the
attribute value "News" or the attribute value "Advertise-
ment" is associated with a web page of the attribute "Doc-
ument."

[0023] The creator creates a web page with some in-
tention. For example, a web page of the attribute "Image"
and the attribute value "Computer Graphic" is created
with anintention of distributing computer graphicimages.
For example, a web page of the attribute "Document”
and the attribute value "News" is created with an intention
of distributing news article documents. The intention of
the creator is considered to be represented by the title,
attribute, and attribute value of the web page. Thus, the
relationship between the title of the web page and the
attribute and attribute value of the web page is considered
to be similar to a relationship between the search query
input by the searcher and the intention of the searcher.
[0024] In view of this, in this embodiment, in order to
estimate the intention of the searcher, the first model
which has learned the relationship between the title of
the web page and the attribute and attribute value of the
web page as training data is used. A search query is input
to the first model as information corresponding to the title
of the web page. The first model outputs the intention of
the searcher as information corresponding to the attribute
and attribute value of the web page.

[0025] For example, when the training data for the first
model to learn is not sufficient, the accuracy of the first
model cannot be sufficiently improved. In this case, even
when a search query is input to the first model, there is
a possibility that the intention of the searcher output from
the first model becomes inappropriate. In view of this,
even when the accuracy of the first model is not sufficient
due to insufficient training data, the processing execution
system S according to this embodiment can accurately
estimate the intention of the searcher.

[0026] FIG. 3 is a diagram for illustrating an outline of
the processing execution system S. As illustrated in FIG.
3, the title of a web page and the attribute and attribute
value of the web page are stored in a page database
DB1 in association with each other. Pairs of those are
learned by a first model M1 as training data. A search
query database DB2 stores search queries input in the
past. In this embodiment, the intention of the searcher
who has input the search queries is estimated.

[0027] When a search query is input to the first model
M1, the first model M1 estimates the attribute and the
attribute value as the intention of the searcher. In the
example of FIG. 3, the search query "CG bag Zebra" of
FIG. 2 is input to the first model M1. The first model M1
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outputs, as the intention of the searcher, three estimation
results such as the attribute value "Computer Graphic"
of the attribute "Image," the attribute value "Republic of
the Congo" of the attribute "Nation," and the attribute val-
ue "Zebra" of the attribute "Pattern."

[0028] Asdescribed above, the intention of the search-
er who has input the search query of FIG. 3 is to search
for "computer graphics which depict a zebra-patterned
bag." This intention is represented by the attribute value
"Computer Graphic" of the attribute "Image" and the at-
tribute value "Zebra" of the attribute "Pattern" among the
three estimation results output by the first model M1.
[0029] Meanwhile, among the three estimation results
output by the first model M1, the attribute value "Republic
of the Congo" of the attribute "Nation" does not represent
the intention of the user. For example, when the accuracy
of the first model M1 is not sufficient due to insufficient
training data, such an inappropriate estimation result may
be output. This is considered to be because the first mod-
el M1 has learned for some reason that the character
string "CG," which is a part of the search query, is the
country code of the Republic of the Congo.

[0030] In this embodiment, a second model M2 for
eliminating an inappropriate estimation result is pre-
pared. The second model M2 is a model which uses ma-
chine learning. The second model M2 can utilize various
machine learning methods. The second model M2 may
be any one of supervised learning, semi-supervised
learning, orunsupervised learning. Forexample, the sec-
ond model may be a neural network. For example, when
the second model M2 receives input of a pair of a search
query and the intention of the searcher (that is, a pair of
a search query input to the first model M1 and an esti-
mation result output from the first model M1), the second
model M2 outputs the validity of this pair.

[0031] Inthe example of FIG. 3, the second model M2
estimates that the attribute value "Computer Graphic" of
the attribute "Image" and the attribute value "Zebra" of
the attribute "Pattern" among the three estimation results
outputfrom the firstmodel M1 are valid. The second mod-
el M2 estimates that the attribute value "Republic of the
Congo" of the attribute "Nation" among the three estima-
tion results output from the first model M1 is not valid.
[0032] In this embodiment, training data for the first
model M1 is generated based on the estimation results
of the second model M2. In the example of FIG. 3, training
data including a pair of the search query "CG bag Zebra"
and the attribute value "Computer Graphic" of the at-
tribute "Image" and training data including a pair of the
search query "CG bag Zebra" and the attribute value "Ze-
bra" of the attribute "Pattern" are generated. Those two
pieces of training data are learned by the first model M1.
[0033] As described above, the processing execution
system S estimates the intention of the searcher who has
input the search query based on the first model M1. The
processing execution system S eliminates an invalid es-
timation result from among the estimation results of the
first model M1 based on the second model M2 to gener-
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ate training data for the first model M1. The processing
execution system S causes the first model M1 to learn
the generated training data. This increases the accuracy
of the first model M1 even when the training data stored
in the page database DB1 is not sufficient. It is also pos-
sible to save the time and effort of creating training data
for the first model M1. Now, the details of the processing
execution system S are described.

[3. Functions to be implemented in Processing Execution
System]

[0034] FIG. 4 is a functional block diagram for illustrat-
ing an example of functions to be implemented in the
processing execution system S.

[3-1. Functions to be implemented in Search Server]

[0035] A data storage unit 100 is implemented mainly
by the storage unit 12. A search module 101 is imple-
mented mainly by the control unit 11.

[Data Storage Unit]

[0036] The data storage unit 100 stores data required
for providing a search service. For example, the data
storage unit 100 stores a database in which web page
indexes and web page URLs are stored in association
with each other. An index is information to be compared
with a search query. Any information can be used as the
index. For example, the title of the web page, the attribute
and attribute value of the web page, any keyword includ-
ed in the web page, or a combination of those is used as
the index. For example, the data storage unit 100 stores
data (for example, HTML data) for displaying the portal
page P1 and the search results page P2. In addition, for
example, the data storage unit 100 may store a history
of search queries input in the past and may store query
selection data described later.

[Search Module]

[0037] The search module 101 executes search
processing based on a search query input by the search-
er. As the search processing itself, various search en-
gines can be applied. For example, the search module
101 calculates a search score of the web page based on
the search query input by the searcher and the web page
index stored in the data storage unit 100. The search
score indicates a degree of matching between the search
query and the index. As the search score calculation
method itself, calculation methods employed by various
search engines can be applied.

[0038] The search module 101 selects a predeter-
mined number of web pages in descending order of the
search score, and generates a search results page P2
including links to the selected web pages. The search
module 101 transmits the data of the search results page
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P2 to the searcher terminal 30. When the search module
101 receives a result of selection by the searcher from
the searcher terminal 30, the search module 101 causes
the searcher terminal 30 to access the web page corre-
sponding to the link selected by the searcher. The search
module 101 records, in the data storage unit 100, the
relationship between the search query input by the
searcher and the web page corresponding to the link se-
lected by the searcher. This relationship corresponds to
the query selection data described later.

[3-2. Functions to be implemented in Learning Server]

[0039] A data storage unit 200 is implemented mainly
by the storage unit 22. A first learning module 201, a
second classification information acquisition module
202, a candidate generation module 203, a third classi-
fication information acquisition module 204, a second
learning module 205, a validity estimation module 206,
and an execution module 207 are each implemented
mainly by the control unit 21.

[Data Storage Unit]

[0040] The data storage unit 200 stores data required
for processing described with reference to FIG. 3. For
example, the data storage unit 200 stores the page da-
tabase DB1, the search query database DB2, a training
database DB3, a query selection database DB4, the first
model M1, and the second model M2.

[0041] FIG. 5is a table for showing an example of the
page database DB1. The page database DB1 is a data-
base which stores information relating to web pages. For
example, the page database DB1 stores the titles of the
web pages in association with the attributes and attribute
values of the web pages.

[0042] For example, the learning server 20 acquires,
from the search server 10 or another server onto which
the creator has uploaded a web page, a pair of the title
of the web page and the attribute and attribute value of
the web page, and stores the acquired pair in the page
database DB1. The pair stored in the page database DB1
is used as the training data for the first model M1. This
training data is used to generate an initial first model M1
described later.

[0043] The training data for the first model M1 includes
pairs of an input portion and an output portion. The input
portion of the training data for the first model M1 has the
same format as that of the data actually input to the first
model M1. In this embodiment, a character string indi-
cating the search query is input to the first model M1, and
hence the input portion of the training data for the first
model M1 is a character string. The output portion of the
training data for the first model M1 has the same format
as that of the data actually output from the first model
M1. In this embodiment, a combination of a character
string indicating the attribute and a character string indi-
cating the attribute value is output from the first model
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M1, and hence the output portion of the training data for
the first model M1 includes a combination of two charac-
ter strings.

[0044] FIG. 6 is a table for showing an example of the
search query database DB2. The search query database
DB2 is a database which stores the search queries input
in the past. When the search server 10 executes the
search processing based on the search query input by
the searcher, the search server 10 transmits the search
query to the learning server 20. The learning server 20
stores, in the search query database DB2, the search
query received from the search server 10.

[0045] FIG. 7 is a table for showing an example of the
training database DB3. The training database DB3 is a
database which stores the training data for the first model
M1. This training data is generated by the execution mod-
ule 207 described later. This training data is used to in-
crease the accuracy of the initial first model M1 described
later. The format of the training data stored in the training
database DB3 is the same as that of the training data
stored in the page database DB1. The format itself of
those pieces of training data is the same, but specific
details indicated by those pieces of training data differ
from each other.

[0046] For example, the input portion of the training
data stored in the page database DB1 is a character
string indicating the title of the web page, while the input
portion of the training data stored in the training database
DB3 is a character string indicating the search query.
Those input portions are the same in the sense that both
are character strings respectively input by the creator
and the searcher with some intentions, but have specific
details which differ from each other.

[0047] For example, the output portion of the training
data stored in the page database DB1 is a character
string indicating each of the attribute and attribute value
of the web page, while the output portion of the training
data stored in the training database DB3 is a character
string indicating the intention of the searcher. Those out-
put portion are the same in the sense that both are char-
acter strings respectively representing the intentions of
the creator and the searcher in some way, but have spe-
cific details which differ from each other.

[0048] FIG. 8 is a table for showing an example of the
query selection database DB4. The query selection da-
tabase DB4 is a database which stores the query selec-
tion data. The query selection data is data indicating the
selection results for search queries. The query selection
data may also be referred to as "query click log." For
example, the query selection database DB4 stores
search queries in association with page information.
[0049] The page information is information relating to
a web page. The web page is the web page indicated by
the link selected on the search results page P2 by the
searcher who input the search query. This web page is
actually selected by the searcher, and hence it can be
said that the web page is in line with the intention of the
searcher. For example, the page information includes
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the title, attribute, and attribute value of the web page.
The page information may include any information, and
may include, for example, the web page URL and the
browsing date and time.

[0050] The data storage unit200 stores the trained first
model M1. The first model M1 includes a program portion
for executing processing such as convolution and a pa-
rameter portion such as a weight. In this embodiment,
the first model M1 is a multi-label model. The multi-label
model can estimate a plurality of classifications from the
input data. The first model M1 learns the relationship be-
tween the title of the web page and the attribute and at-
tribute value of the web page.

[0051] The title of the web page is an example of first
data. Thus, the title of the web page as used herein can
be read as the first data. The first data is the input portion
of the training data for the initial first model M1. The initial
first model M1 means the first model M1 obtained before
the training data generated by the execution module 207
is learned. In this embodiment, the page database DB1
is used to generate the training data for the initial first
model M1, and hence the first data is the title of the web
page stored in the page database DB1.

[0052] The first data may be any data that can be used
in the learning of the first model M1, and the first data is
not limited to the title of the web page. For example, the
first data may be a character string other than the title
included in the web page, a keyword to be used as the
web page index, or a summary created from the web
page. In place of being a character string itself, the first
data may be a feature amount indicating some kind of
feature of a character string. The first data may have any
format and is not limited to being a character string. For
example, the first data may be image data, moving image
data, document data, or any other data. For example,
the first data may be data referred to as "content.”
[0053] Theattribute and attribute value of the web page
are an example of first classification information. Thus,
the attribute and attribute value of the web page as used
herein can be read as the first classification information.
The first classification information is information relating
to a classification of the first data. The first classification
information is the output portion of the training data for
the initial first model M1. In this embodiment, the page
database DB1 is used to generate the training data for
the initial first model M1, and hence the first classification
information is the attribute and attribute value which are
stored in the page database DB1. In this embodiment,
the first data and the first classification information are
data to be used as the indexes at the time of a search.
[0054] The first classification information may be any
information that can be used in the learning of the first
model M1, and is not limited to the attribute and attribute
value of a web page. For example, the first classification
information may indicate only any one of the attribute or
attribute value of the web page. The first classification
information may have any format and is not limited to
being a character string. For example, the first classifi-
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cation information may be information such as an ID or
a number that can uniquely identify the classification. In
this embodiment, there is described a case in which each
one of the pairs of the attribute and the attribute value
corresponds to the first classification information. Thus,
a plurality of pieces of first classification information may
be associated with one certain piece of first data. A plu-
rality of pairs of the attribute and the attribute value may
be handled as one piece of first classification information.
In this case, one piece of first classification information
is associated with one certain piece of first data.

[0055] For example, the first model M1 learns a rela-
tionship between the first data and the first classification
information which have been acquired based on the page
database DB1 including candidates for the first data and
candidates for the first classification information. The
page database DB1 is an example of a first database.
Thus, the page database DB as used herein can be read
as the first database. The first database is a database
which stores data serving as the candidates for the train-
ing data for the initial first model M1. All or some pieces
of data of the first database are used as the training data
for the initial first model M1.

[0056] The data storage unit 200 stores the trained
second model M2. The second model M2 includes a pro-
gram portion for executing processing such as convolu-
tion and a parameter portion such as a weight. In this
embodiment, there is described a case in which the sec-
ond model M2 outputs information indicating the fact of
being valid or not (a first value indicating the fact of being
valid or a second value indicating the fact of not being
valid), but the second model M2 may output a score in-
dicating the validity. That is, in place of being binary in-
formation such as being valid or not, the output of the
second model M2 may be information having an inter-
mediate value such as a score. The second model M2
has learned a relationship between a combination of the
search query and the attribute and attribute value and
the validity of the combination.

[0057] The search query associated with the attribute
and attribute value is an example of third data. Thus, the
search query associated with the attribute and attribute
value as used herein can be read as the third data. The
third data is the input portion of training data for the sec-
ond model M2. In this embodiment, the query selection
database DB4 is used to generate the training data for
the second model M2, and hence the search query stored
in the query selection database DB4 corresponds to the
third data. In this embodiment, the estimation result of
the initial first model M1 is also used in the learning of
the second model M2, and hence a search query input
to the initial first model M1 also corresponds to the third
data.

[0058] The third data may be any data thatcan be used
in the learning of the second model M2, and is not limited
to being a search query. For example, the third data may
be the title of the web page, a character string other than
the title included in the web page, a keyword to be used
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as the web page index, or a summary created from the
web page. In place of being a character string itself, the
third data may be a feature amount indicating some kind
of feature of a character string. The third data may have
any format and is not limited to being a character string.
For example, the third data may be image data, moving
image data, document data, or any other data. For ex-
ample, the third data may be data referred to as "content."
[0059] The attribute and attribute value associated with
the search query are an example of third classification
information. Thus, the attribute and attribute value asso-
ciated with the search query as used herein can be read
as the third classification information. The third classifi-
cation information is information relating to a classifica-
tion of the third data. The third classification information
is the output portion of the training data for the second
model M2. In this embodiment, the query selection da-
tabase DB4 is used to generate the training data for the
second model M2, and hence the attribute and attribute
value stored in the query selection database DB4 corre-
spond to the third classification information. In this em-
bodiment, the estimation result of the initial first model
M1 is also used in the learning of the second model M2,
and hence the attribute and attribute value estimated by
the initial first model M1 also correspond to the third clas-
sification information.

[0060] The third classification information may be any
information that can be used in the learning of the second
model M2, and is not limited to the attribute and attribute
value associated with the search query. For example,
the third classification information may indicate only any
one of the attribute or attribute value associated with the
search query. The third classification information may
have any format and is not limited to being a character
string. For example, the third classification information
may be information such as an ID or a number that can
uniquely identify the classification. In this embodiment,
there is described a case in which each one of the pairs
of the attribute and the attribute value corresponds to the
third classification information. Thus, a plurality of pieces
of third classification information may be associated with
one certain piece of third data. A plurality of pairs of the
attribute and the attribute value may be handled as one
piece of third classification information. In this case, one
piece of third classification information is associated with
one certain piece of third data.

[0061] The second model M2 learns a relationship be-
tween a combination of the third data and the third clas-
sification information and a validity indicating that the
combination is valid. For example, the second model M2
learns a relationship between the third data and the third
classification information which have been acquired
based on the query selection database DB4 including
candidates for the third data and candidates for the third
classification information. The query selection database
DB4 is an example of a second database. Thus, the query
selection database DB4 as used herein can be read as
the second database.
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[0062] The second database is a database which
stores data serving as the candidates for the training data
for the second model M2. All or some pieces of data of
the second database are used as the training data for
the second model M2. The second database is a data-
base obtained from a point of view different from that of
the first database. A point of view means specific details
of data to be used as the training data. Different types of
data are used as the input portion included in the training
data for the first model M1 and the input portion included
in the training data for the second model M2. In this em-
bodiment, the input portion included in the training data
for the first model M1 is the title of the web page, while
the input portion included in the training data for the sec-
ond model M2 is the search query. The title of the web
page and the search query are the same in the sense
that both are character strings, but have specific details
which differ from each other.

[First Learning Module]

[0063] The first learning module 201 executes the
learning processing of the first model M1. In this embod-
iment, the data stored in the page database DB1 is used
as the training data for the first model M1, and hence the
first learning module 201 executes the learning process-
ing of the first model M1 based on this training data. For
example, the first learning module 201 executes the
learning processing of the first model M1 so that the at-
tribute and attribute value, which are the output portions
of the training data, are output when the title of the web
page, which is the input portion of the training data, is
input. Various algorithms can be used for the learning
processing itself of the first model M1. For example, an
error backpropagation method or a gradient descent
method can be used.

[Second Classification Information Acquisition Module]

[0064] The second classification information acquisi-
tion module 202 acquires an attribute and attribute value
of a search query (that is, an estimation result for the
intention of the searcher) based on the first model M1
which has learned the relationship between the title of
each web page and the attribute and attribute value of
the title.

[0065] A search query with which any attribute or at-
tribute value is not associated is an example of second
data. Thus, the search query with which any attribute or
attribute value is not associated as used herein can be
read as the second data. The second data is data to be
inputto the first model M1. The second data has the same
format as that of the first data. In this embodiment, the
search query with which any attribute or attribute value
is not associated is stored in the search query database
DB2, and hence the search query stored in the search
query database DB2 corresponds to the second data.
That is, the second data is the search query input by the
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user.
[0066] The second data may be any data that is to be
estimated by the first model M1, and is not limited to a
search query. For example, in place of estimating the
intention of the searcher, in a case of estimating the in-
tention of the creator, the second data may be the title
of the web page, a character string other than the title
included in the web page, a keyword to be used as the
web page index, or a summary created from the web
page. In place of being a character string itself, the sec-
ond data may be a feature amount indicating some kind
of feature of a character string. The second data may
have any format and is not limited to being a character
string. For example, the second data may be image data,
moving image data, document data, or any other data.
For example, the second data may be data referred to
as "content."

[0067] The attribute and the attribute value estimated
for the search query are an example of second classifi-
cation information. Thus, the attribute and the attribute
value estimated for the search query as used herein can
be read as the second classification information. The sec-
ond classification information is information relating to a
classification of the second data. In this embodiment, the
second data is the search query, and hence the second
classification information is information relating to a clas-
sification of the search query. For example, the second
classification information is information relating to the in-
tention of the user who has input the search query. The
second classification information is the attribute and at-
tribute value estimated by the first model M1. In this em-
bodiment, the validity is estimated by the second model
M2, and hence the attribute and attribute value having
the validity estimated by the second model M2 corre-
spond to the second classification information.

[0068] The second classification information may be
any information that indicates the estimation result of the
first model M1, and is not limited to the attribute and at-
tribute value of a search query. For example, the second
classification information may indicate only any one of
the attribute or attribute value of the search query. The
second classification information may have any format
and is notlimited to being a character string. For example,
the second classification information may be information
such as an ID or a number that can uniquely identify the
classification. In this embodiment, there is described a
case in which each one of the pairs of the attribute and
the attribute value corresponds to the second classifica-
tion information. Thus, a plurality of pieces of second
classification information may be associated with one
certain piece of second data. A plurality of pairs of the
attribute and the attribute value may be handled as one
piece of second classification information. In this case,
one piece of second classification information is associ-
ated with one certain piece of second data.

[0069] Forexample, the second classification informa-
tion acquisition module 202 inputs the search query
stored in the search query database DB2 to the first mod-
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el M1 as the second data. The first model M1 calculates
the feature amount of this search query, and outputs the
attribute and attribute value corresponding to the feature
amount as the estimation result. The second classifica-
tion information acquisition module 202 acquires, as the
second classification information, the attribute and at-
tribute value output from the first model M1. In this em-
bodiment, the first model M1 is a multi-label model, and
hence the second classification information acquisition
module 202 acquires a plurality of attributes and attribute
values based on the first model M1. Even when the first
model M1 is a multi-label model, there may be a case in
which only one attribute and attribute value are estimat-
ed.

[0070] In this embodiment, it is assumed that the cal-
culation of the feature amount or the like required for the
processing of the first model M1 is performed in the first
model M1. Thus, there is described a case in which the
second data is directly input to the first model M1, but
when the second data requires some aggregation
processing or the like, the second data may be input to
the first model M1 after the aggregation processing or
the like has been executed thereon outside the firstmodel
M1. That is, in place of being directly input to the first
model M1, the second data may be input to the first model
M1 after some processing has been executed on the sec-
ond data.

[Candidate Generation Module]

[0071] The candidate generation module 203 gener-
ates, based on each of a plurality of generation methods,
candidates for the search query, which is the third data,
and the attribute and attribute value, which are the third
classification information. A candidate means data or in-
formation that can become the third data or the third clas-
sification information. In this embodiment, two generation
methods, namely, a generation method using the query
selection database DB4 and a generation method using
the initial first model M1, are taken as examples. The
candidate generation module 203 may generate candi-
dates based on only any one of those two generation
methods.

[0072] FIG. 9 is a diagram for illustrating an example
of amethod of generating the training data for the second
model M2. As illustrated in FIG. 9, the candidate gener-
ation module 203 acquires, as candidates C1, the search
queries stored in the query selection database DB4 and
the attributes and attribute values of the web pages that
have been selected by the searcher who has input the
search queries. The candidate generation module 203
inputs the search queries stored in the search query da-
tabase DB2 to the initial first model M1, and acquires the
attributes and attribute values output from the initial first
model M1, to thereby acquire candidates C2.

[0073] The second model M2 learns, as the third data
and the third classification information, candidates C3
generated by a plurality of methods among the plurality
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of generation methods. In the example of FIG. 9, only
the candidates C3 acquired by both the generation meth-
od using the query selection database DB4 and the gen-
eration method using the initial firstmodel M1 are learned
by the second model M2. The candidates C3 are obtained
as the AND of the candidates C1 and the candidates C2.
The candidates acquired by only any one of the gener-
ation method using the query selection database DB4 or
the generation method using the initial first model M1 are
not learned by the second model M2.

[Third Classification Information Acquisition Module]

[0074] The third classification information acquisition
module 204 acquires the attribute and attribute value,
which are the third classification information, based on
the search query, which is the third data, and the first
model M1. This first model M1 is the initial first model
M1. The third classification information acquisition mod-
ule 204 inputs the search query stored in the query se-
lection database DB4 to the initial first model M1. The
initial first model M1 calculates the feature amount of this
search query, and outputs the attribute and attribute val-
ue corresponding to the feature amount as the estimation
result. The processing itself of the first model M1 for ac-
quiring the attribute and attribute value serving as the
third classification information is the same as the
processing for acquiring the attribute and attribute value
serving as the second classification information
(processing described in relation to the function of the
second classification information acquisition module
202).

[0075] In this embodiment, the attributes and attribute
values acquired by the third classification information ac-
quisition module 204 are the candidates C2 of FIG. 9. In
this embodiment, of the candidates C2, ones that also
appear in the candidates C1 become the training data
for the second model M2, and the candidates C2 may be
set as the training data for the second model M2 irre-
spective of the candidates C1. That is, the attributes and
attribute values acquired by the third classification infor-
mation acquisition module 204 may be directly used as
the training data for the second model M2. In contrast,
the candidates C1 may be set as the training data for the
second model M2 irrespective of the candidates C2.

[Second Learning Module]

[0076] The second learning module 205 executes the
learning processing of the second model M2. In this em-
bodiment, the data stored in the training database DB3
is used as the training data for the second model M2,
and hence the second learning module 205 executes the
learning processing of the second model M2 based on
this training data. For example, the second learning mod-
ule 205 executes the learning processing of the second
model M2 so that, when a combination of the search que-
ry, which is the input portion of the training data, and the
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attribute and attribute value is input, the validity relating
to the combination is output. Various algorithms can be
used for the learning processing itself of the second mod-
el M2. For example, an error backpropagation method
or a gradient descent method can be used.

[Validity Estimation Module]

[0077] The validity estimation module 206 estimates,
based on a predetermined estimation method, a validity
relating to a combination of the search query, which is
the second data, and the attribute and attribute value,
which are the second classification information. A validity
means whether or not there is a validity for the processing
of the execution module 207 or an extent of being valid
for the processing of the execution module 207. In this
embodiment, the execution module 207 executes gen-
eration processing for training data, and hence whether
or not the above-mentioned combination is suitable as
the training data or an extent to which the above-men-
tioned combination is suitable as the training data corre-
sponds to the validity. The validity can be said to be suit-
ability in the processing of the execution module 207.
[0078] In this embodiment, there is described a case
in which the validity estimation module 206 determining
whether or not the above-mentioned combination is valid
corresponds to estimating the validity, but acquiring a
score indicating a degree of validity may correspond to
estimating the validity. The score indicates a level of va-
lidity. The scores may be represented by numbers, or
may be represented by characters of "S rank," "A rank,"
and "B rank" or other symbols.

[0079] In this embodiment, as an example of the esti-
mation method of the validity estimation module 206,
there is described a method using the second model M2
which has learned the relationship between a combina-
tion of the search query, which is the third data, and the
attribute and attribute value, which are the third classifi-
cation information, and the validity of the combination.
The validity estimation module 206 estimates the validity
based on the second model M2. When a plurality of at-
tributes and attribute values are estimated for a search
query, the validity estimation module 206 estimates the
validity for each attribute and attribute value. For exam-
ple, for each attribute and attribute value, the validity es-
timation module 206 inputs a combination of the search
query and the each attribute and attribute value to the
second model M2, and acquires an estimation result for
the validity output from the second model M2.

[0080] In the example of FIG. 3, the attribute value
"Computer Graphic" of the attribute "Image," the attribute
value "Republic of the Congo" of the attribute "Nation,"
and the attribute value "Zebra" of the attribute "Pattern”
are estimated for the search query "CG bag Zebra." As
illustrated in FIG. 3, when three combinations of the at-
tribute and attribute value are estimated for one search
query, three estimation results for the validity are ac-
quired as follows.
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[0081] Forexample, the validity estimation module 206
inputs a first combination, which is a combination of the
search query "CG bag Zebra" and the attribute value
"Computer Graphic" of the attribute "Image," to the sec-
ond model M2, and acquires an estimation result for the
validity of the first combination output from the second
model M2. In the example of FIG. 3, this estimation result
indicates that the first combination is valid.

[0082] Forexample, the validity estimation module 206
inputs a second combination, which is a combination of
the search query "CG bag Zebra" and the attribute value
"Republic of the Congo" of the attribute "Nation," to the
second model M2, and acquires an estimation result for
the validity of the second combination output from the
second model M2. In the example of FIG. 3, this estima-
tion result indicates that the second combination is not
valid.

[0083] Forexample, the validity estimation module 206
inputs a third combination, which is a combination of the
search query "CG bag Zebra" and the attribute value "Ze-
bra" of the attribute "Pattern," to the second model M2,
and acquires an estimation result for the validity of the
third combination output from the second model M2. In
the example of FIG. 3, this estimation result indicates
that the third combination is valid.

[0084] In this embodiment, the estimation method of
the validity estimation module 206 is a method using the
query selection data indicating a relationship between a
search query input in the past and a result of selection
from search results based on the search query. The va-
lidity estimation module 206 estimates the validity based
on the query selection data. In this embodiment, the
learning of the second model M2 has been performed
based on the query selection data, and hence estimating
the validity based on the second model M2 corresponds
to estimating the validity based on the query selection
data.

[0085] The estimation method of the validity estimation
module 206 is not limited to the method using the second
model M2. For example, in place of being based on a
machine learning method, the validity estimation module
206 may estimate the validity based on a predetermined
rule-based estimation method. In this case, itis assumed
that there is prepared in advance a rule for outputting the
validity when a combination of the search query, which
is the second data, and the attribute and attribute value,
which are the second classification information, is input.
This rule may be a decision tree or the like. As other
estimation methods, rule-based or statistics-based esti-
mation methods as described in modification examples
described later may be used.

[Execution Module]

[0086] The execution module 207 executes predeter-
mined processing based on the estimation result for the
validity obtained by the validity estimation module 206.
In this embodiment, the execution module 207 executes,
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as the predetermined processing, generation processing
for generating training data for the first model M1 to learn
based on the combination of the search query, which is
the second data, and the attribute and attribute value,
which are the second classification information, and the
estimation result for the validity obtained by the validity
estimation module 206. The generation processing is an
example ofthe predetermined processing. Thus, the gen-
eration processing as used herein can be read as the
predetermined processing. The predetermined process-
ing may be any processing, and is not limited to the gen-
eration processing. Other examples of the predeter-
mined processing are described later in the modification
examples.

[0087] For example, the execution module 207 exe-
cutes the generation processing by storing a pair of the
search query having the validity estimated by the validity
estimation module 206 and the attribute and attribute val-
ue for which the estimation result indicating that the at-
tribute and attribute value are valid has been obtained,
in the training database DB3 as the training data. A pair
of the search query having the validity estimated by the
validity estimation module 206 and the attribute and at-
tribute value for which the estimation result that does not
indicate that the attribute and attribute value are valid
has been obtained is not generated as the training data.
[0088] When a plurality of attributes and attribute val-
ues are acquired as the second classification information,
the execution module 207 executes the generation
processing based on the validity of each attribute and
attribute value. For example, the execution module 207
generates training data for, of the plurality of attributes
and attribute values, only the attributes and attribute val-
ues for which the estimation results indicating that the
attributes and attribute values are valid have been ob-
tained. Of the plurality of attributes and attribute values,
the attributes and attribute values for which the estima-
tion results that do not indicate that the attributes and
attribute values are valid have been obtained are notgen-
erated as the training data.

[3-3. Functions to be implemented by Searcher Terminal]

[0089] A data storage unit 300 is implemented mainly
by the storage unit 32. A display control module 301 and
a reception module 302 are implemented mainly by the
control unit 31. The data storage unit 300 stores the data
required for the search. For example, the data storage
unit 300 stores a browser for displaying the portal page
P1 and the search results page P2. The screen displayed
on the searcher terminal 30 may use another application
in place of a browser. In this case, the data storage unit
300 stores the application.

[0090] The display control module 301 displays vari-
ous screens on the display unit 35. For example, when
the display control module 301 receives the data of the
portal page P1 from the search server 10, the display
control module 301 displays the portal page P1 on the
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display unit 35. When the display control module 301
receives the data of the search results page P2 from the
search server 10, the display control module 301 displays
the search results page P2 on the display unit 35.
[0091] The reception module 302 receives various op-
erations from the operation unit 34. For example, the re-
ception module 302 receives input of a search query to
the input form F10 of the portal page P1. The searcher
terminal 30 transmits the input search query to the search
server 10. For example, the reception module 302 re-
ceives a selection of a link included in the search results
indicated by the search results page P2. The searcher
terminal 30 transmits the selected link to the search serv-
er 10.

[3-4. Functions to be implemented by Creator Terminal]

[0092] A data storage unit 400 is implemented mainly
by the storage unit 32. A display control module 401 and
a reception module 402 are each implemented mainly
by the control unit 41. The data storage unit 400 stores
an application for creating a web page. The display con-
trol module 401 displays various screens on the display
unit 45. For example, the display control module 401 dis-
plays a screen of the application for creating a web page.
The reception module 402 receives various operations
from the operation unit 44. For example, the reception
module 402 receives an operation for creating a web
page by the creator and an operation for designating the
title, attribute, and attribute value of the web page.

[4. Processing executed by Processing Execution Sys-
tem]

[0093] FIG. 10is aflowchart for illustrating an example
of processing executed by the processing execution sys-
tem S. With reference to FIG. 10, processing executed
by the learning server 20 in the processing executed by
the processing execution system S is described. This
processing is executed by the control unit 21 operating
in accordance with the program stored in the storage unit
22.

[0094] As illustrated in FIG. 10, the learning server 20
executes the learning processing of the first model M1
based on the page database DB1 (Step S1). In Step S1,
the learning server 20 adjusts parameters of the first mod-
el M1 so that, when a character string indicated by the
title of the web page stored in the page database DB1 is
input, the attribute and attribute value associated with
the title are output. The first model M1 for which the learn-
ing processing has been executed in Step S1 is the initial
first model M1. For the initial first model M1, additional
learning processing is executed by the processing step
of Step S10 described later.

[0095] The learning server 20 acquires the candidates
C1 for the training data for the second model M2 based
on the query selection database DB4 (Step S2). In Step
S2, the learning server 20 acquires, as the candidates
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C1 for the training data for the second model M2, the
pairs of the search queries stored in the query selection
database DB4 and the attributes and attribute values of
the web pages that have been selected by the searcher
who has input the search queries. In Step S2, the learning
server 20 acquires all or some pairs of the query selection
database DB4.

[0096] The learning server 20 acquires the candidates
C2 for the training data for the second model M2 based
on the initial first model M1 (Step S3). In Step S3, the
learning server 20 inputs the search queries stored in the
search query database DB2 to the initial first model M1,
and acquires the attributes and attribute values output
from the initial first model M1. The learning server 20
acquires, as the candidates C2 for the training data, the
pairs of the search queries input to the first model M1
and the attributes and attribute values output from the
first model M1. In Step S3, the learning server 20 inputs
all or some search queries of the search query database
DB2 to the learning server 20, and acquires, as the can-
didates C2 for the training data, the pairs of the input
search queries and the attributes and attribute values
output from the learning server 20.

[0097] The learning server 20 generates training data
for the second model M2 based on the candidates C1
acquired in Step S2 and the candidates C2 acquired in
Step S3 (Step S4). In Step S4, the learning server 20
obtains the AND of both the candidates C1 acquired in
Step S2 and the candidates C2 acquired in Step S3, to
thereby generate candidates C3 that are present in both
thereof as the training data for the second model M2.
[0098] The learning server 20 executes the learning
processing of the second model M2 based on the training
data generated in Step S4 (Step S5). In Step S5, the
learning server 20 adjusts parameters of the second
model M2 so that, when a character string of the input
portion included in the training data generated in Step
S4 is input, the attribute and attribute value associated
with the character string are output.

[0099] The learning server 20 estimates, based on the
first model M1, the attribute and attribute value of the
search query stored in the search query database DB2
(Step S6). In Step S6, the result of the processing step
of Step S3 may be used as it is. The learning server 20
estimates, based on the second model M2, the validity
of a combination of the search query and the attribute
and attribute value acquired in Step S6 (Step S7). In Step
S7, the learning server 20 inputs, to the second model
M2, a pair of the search query subjected to the processing
step of Step S6 and the attribute and attribute value es-
timated in Step S6, and acquires the estimation result for
the validity output from the second model M2.

[0100] The learning server 20 generates training data
for the first model M1 based on the estimation result for
the validity obtained in Step S7 (Step S8). In Step S8,
the learning server 20 stores the pair of the search query
and the attribute and attribute value, which have been
estimated as being valid in Step S7, in the training data-

10

15

20

25

30

35

40

45

50

55

12

base DB3 as the training data. The learning server 20
determines whether or not a sufficient number of pieces
of training data have been generated (Step S9). In Step
S9, itis determined whether or not the training data gen-
erated in Step S8 has reached a predetermined number.
When it is determined that a sufficient number of pieces
of training data have not been generated (N in Step S9),
the process returns to the processing step of Step S6 to
repeat the generation of training data.

[0101] Whenitis determinedin Step S9that a sufficient
number of pieces of training data have been generated
(Y in Step S9), the learning server 20 executes the learn-
ing processing of the first model M1 based on the training
database DB3 (Step S10). In Step S10, the learning
server 20 adjusts parameters of the first model M2 so
that, when a character string of the input portion included
in the training data stored in the training database DB3
is input, the attribute and attribute value associated with
the character string are output.

[0102] The learning server 20 estimates, based on the
trained first model M1, the attribute and attribute value
of the search query stored in the search query database
DB2 (Step S11), and ends this processing. The process-
ing step of Step S11 is the same as Step S3 and Step
S6 exceptthatthe firstmodel M1 trained in the processing
step of Step S10 is used in place of the initial first model
M1. The learning server 20 records the attribute and at-
tribute value estimated in Step S11 in the storage unit 22
in association with the search query. The search query
and the attribute and attribute value which have been
recorded are used for any purpose. For example, the
learning server 20 outputs the association of those for a
marketing purpose or the like when an administrator of
the processing execution system S requests to refer to
the association of those.

[0103] With the processing execution system S ac-
cording to this embodiment, the validity relating to the
combination of the search query and the attribute and
attribute value estimated by the first model M1 is esti-
mated based on a predetermined estimation method.
The processing execution system S executes the prede-
termined processing after estimating the validity, and
hence can obtain a desired result even when the accu-
racy of the first model M1 is not sufficient due to insuffi-
cient training data. For example, training data for the first
model M1 can be generated after the validity is estimated
by executing the generation processing as the predeter-
mined processing, thereby increasing the accuracy of
the first model M1. As a result, the accuracy with which
the first model M1 estimates the attribute and attribute
value of the search query is increased, and hence a de-
sired result of estimating the intention of the user can be
easily obtained. In addition, for example, the training data
for the first model M1 can be created from the search
queries input in the past, and hence it is also possible to
save the time and effort of creating training data for the
first model M1.

[0104] Further, the processing execution system S es-
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timates, based on the second model M2, the validity re-
lating to the combination of the search query and the
attribute and attribute value. This increases estimation
accuracy for the validity of a combination of those. The
increase in estimation accuracy for the validity also in-
creases the accuracy of the training data for the first mod-
el M1 generated as the predetermined processing. Thus,
due to the increase in estimation accuracy of the first
model M1, it becomes easier to obtain a desired result.
[0105] Further, the first model M1 learns the relation-
ship between the title of the web page and the attribute
and attribute value which have been acquired based on
the page database DB1. The second model M2 learns
the relationship between the search query and the at-
tribute and attribute value which have been acquired
based on the query selection database DB4 obtained
from a point of view different from that of the page data-
base DB1. This increases the estimation accuracy for
the validity based on the second model M2. Even when
the second model M2 is caused to learn the same training
data as that for the first model M1, it is considered difficult
to create such a second model M2 as to identify an error
in the estimation result of the first model M1. However,
through use of the training data obtained from a point of
view different from that of the training data used in the
learning of the first model M1, the learning of the second
model M2 can be performed from a point of view different
from that of the learning of the first model M1. Thus, such
asecond model M2 as toidentify an error in the estimation
result of the first model M1 can be created, thereby in-
creasing the estimation accuracy for the validity based
on the second model M2. The increase in estimation ac-
curacy for the validity based on the second model M2
also increases the accuracy of the training data for the
first model M1 generated as the predetermined process-
ing. Thus, due to the increase in estimation accuracy of
the first model M1, it becomes easier to obtain a desired
result.

[0106] Further, the second model M2 learns the rela-
tionship between the combination of the search query
and the attribute and attribute value, which has been es-
timated through use of the initial first model M1, and the
validity indicating that the combination is valid. As a re-
sult, a larger number of pieces of training data for the
second model M2 can be generated, and hence the es-
timation accuracy for the validity based on the second
model M2 isincreased. It is also possible to save the time
and effort of generating training data for the second mod-
elM2. The increase in estimation accuracy for the validity
based on the second model M2 also increases the ac-
curacy of the training data for the first model M1 gener-
ated as the predetermined processing. Thus, due to the
increase in estimation accuracy of the first model M1, it
becomes easier to obtain a desired result.

[0107] Further, the processing execution system S
generates, based on each of the plurality of generation
methods, candidates for the combination of the search
query and the attribute and attribute value to be stored
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in the training database DB3 as the training data. The
second model M2 learns, as the training data, the can-
didates generated by a plurality of methods among the
plurality of generation methods. As a result, a larger
number of pieces of training data for the second model
M2 can be generated, and hence the estimation accuracy
for the validity based on the second model M2 is in-
creased. It is also possible to save the time and effort of
generating training data for the second model M2. The
increase in estimation accuracy for the validity based on
the second model M2 also increases the accuracy of the
training data for the first model M1 generated as the pre-
determined processing. Thus, due to the increase in es-
timation accuracy of the firstmodel M1, itbecomes easier
to obtain a desired result.

[0108] Further,the second model M2 learns the search
queries input by the user as the second data, and learns
the attribute and attribute value of the search queries as
the second classification information. As a result, the ac-
tually input search queries are used in the learning of the
second model M2, and hence the estimation accuracy
for the validity based on the second model M2 is in-
creased. The increase in estimation accuracy for the va-
lidity based on the second model M2 also increases the
accuracy of the training data for the first model M1 exe-
cuted as the predetermined processing. Thus, due to the
increase in estimation accuracy of the first model M1, it
becomes easier to obtain a desired result.

[0109] Further, the estimation method for the validity
is a method using the query selection data indicating the
relationship between a search query input in the pastand
a result of selection from search results based on the
search query. Through use of the query selection data
that easily shows the intention of the user, the estimation
accuracy for the validity of the combination of the search
query and the attribute and attribute value is increased.
The increase in estimation accuracy for the validity also
increases the accuracy of the training data for the first
model M1 generated as the predetermined processing.
Thus, due to the increase in estimation accuracy of the
first model M1, it becomes easier to obtain a desired re-
sult.

[0110] Further, the title of the web page and the at-
tribute and attribute value thereof, which have been
learned by the first model M1, are data to be used as the
indexes at the time of a search. As a result, the learning
processing of the first model M1 can be executed based
on practical data to be used as the indexes at the time
of an actual search. Thus, due to the increase in estima-
tion accuracy of the first model M1, it becomes easier to
obtain a desired result.

[0111] Further, the attribute and attribute value, which
are the second classification information, are estimated
as the information relating to the intention of the user who
has input the search query. As a result, the intention of
the user who has input the search query can be estimat-
ed. For example, when the intention of the user who has
input the search query is estimated, the estimated inten-
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tion can be utilized for marketing in the search service
and can increase the accuracy of the search results.
[0112] Further, the generation processing for generat-
ing training data for the first model M1 to learn is executed
based on the combination of the search query and the
attribute and attribute value and the estimation result for
the validity. As a result, due to the increase in estimation
accuracy of the first model M1, it becomes easier to ob-
tain a desired result. It is also possible to save the time
and effort of creating training data for the first model M1.
[0113] Further,the firstmodel M1 is a multi-label model
which has learned the relationship between the title of
the web page and a plurality of attributes and attribute
values. Thus, a plurality of attributes and attribute values
can be associated with the search query input by the
user. As a result, due to the increase in estimation accu-
racy of the first model M1, it becomes easier to obtain a
desired result.

[5. Modification Examples]

[0114] The present disclosure is not limited to the em-
bodiment described above, and modifications can be
made as appropriate within a scope that does not depart
from the spirit of the present disclosure.

[5-1. Modification Example 1]

[0115] For example, in the embodiment, the case in
which the second model M2 outputs, as the estimation
result, the binary information indicating whether or not
there is a validity for the combination of the search query
and the attribute and attribute value has been described,
but the second model M2 may output a score relating to
the validity of the combination as the estimation result.
The score is as described in the embodiment. In Modifi-
cation Example 1, there is described a case in which the
score is represented by a number. The higher score
means the higher validity. The score can be said to be a
probability or a likelihood. For example, when a combi-
nation of the search query and the attribute and attribute
value is input, the second model M2 outputs the score
of the combination as the estimation result.

[0116] The validity estimation module 206 in Modifica-
tion Example 1 acquires the score output from the second
model M2 based on the combination of the search query
and the attribute and attribute value, and estimates the
validity based on the acquired score. For example, the
validity estimation module 206 estimates that the com-
bination of the search query and the attribute and attribute
value is not valid when the score output from the second
model M2 is smaller than a threshold value, and esti-
mates that the combination of the search query and the
attribute and attribute value is valid when the score output
from the second model M2 is equal to or larger than the
threshold value.

[0117] According to Modification Example 1, the score
output from the second model M2 is acquired based on
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the combination of the search query and the attribute and
attribute value, and the validity is estimated based on the
acquired score. In place of outputting the binary informa-
tion indicating the fact of being valid or not, the second
model M2 outputs the score, which indicates the level of
validity, and can assume an intermediate value, thereby
facilitating utilization of the estimation result of the second
model M2. For example, it becomes easier to under-
stand, due to the value of the score, what certainty the
second model M2 is valid with. As a result, the accuracy
of the training data for the first model M1 executed as
the predetermined processing is also increased. For ex-
ample, as the score of the second model M2 acquired in
order to generate training data for the first model M1 be-
comes higher, the larger weight can be put on the first
model M1. In this case, the first model M1 can be caused
to learn the highly valid training data. As a result, due to
the increase in estimation accuracy of the first model M1,
it becomes easier to obtain a desired result.

[5-2. Modification Example 2]

[0118] For example, the estimation method may be a
method using a cosine similarity which is based on the
search query and the attribute and attribute value. The
cosine similarity is a method of calculating a similarity
between character strings. For example, when a similar-
ity or dissimilarity between a first character string and a
second character string is to be determined, a cosine
similarity is calculated based on an angle formed by a
first vector indicating a feature of the first character string
and a second vector indicating a feature of the second
character string. As the first vector and the second vector
become closer in direction, the cosine similarity therebe-
tween becomes higher. That is, as the search query and
the attribute and attribute value become closer in feature,
the cosine similarity therebetween becomes higher.
[0119] The validity estimation module 206 estimates
the validity based on the cosine similarity, which is based
on the search query and the attribute and attribute value.
The validity estimation module 206 calculates the cosine
similarity between the first vector indicating the feature
of the search query and the second vector indicating the
feature of the attribute and attribute value. The first vector
and the second vector may be calculated by the same
second model M2 as that in the embodiment, or may be
calculated by another model such as Word2Vec or
Doc2Vec. As the cosine similarity calculation method it-
self, various calculation methods employed by the natural
language processing can be applied.

[0120] Forexample, the validity estimation module 206
estimates that the combination of the search query and
the attribute and attribute value is not valid when the co-
sine similarity based on the search query and the attribute
and attribute value is smaller than a threshold value, and
estimates that the combination of the search query and
the attribute and attribute value is valid when the cosine
similarity based on the search query and the attribute
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and attribute value is equal to or larger than the threshold
value. Modification Example 1 and Modification Example
2 may be combined to use the cosine similarity as the
score described in Modification Example 1. In place of
using the cosine similarity, another index for comparison
between vectors, such as a Euclidean distance, may be
used.

[0121] According to Modification Example 2, the valid-
ity of the estimation result of the first model M1 is esti-
mated based on the cosine similarity. Through use of the
cosine similarity, which is relatively easy to be calculated,
itis possible to speed up the processing of the processing
execution system S.

[5-3. Modification Example 3]

[0122] Forexample, the validity estimation module 206
may estimate the validity based on each of a plurality of
estimation methods. The plurality of estimation methods
are exemplified by the estimation method described in
the embodiment, the estimation method described in
Modification Example 1, and the estimation method de-
scribed in Modification Example 2. The plurality of esti-
mation methods are also exemplified by, for example,
estimation methods described below. In Modification Ex-
ample 3, the estimation methods can be freely combined.
[0123] Forexample, the validity estimation module 206
may estimate the validity based on an estimation method
using a dictionary. For example, the dictionary defines a
relationship between each attribute and a specific char-
acter string of each attribute value. The validity estimation
module 206 estimates that the estimation result of the
firstmodel M1 is not valid when the attribute and attribute
value output by the first model M1 are not present in the
dictionary, and estimates that the estimation result of the
first model M1 is valid when the attribute and attribute
value output by the first model M1 are present in the
dictionary.

[0124] In the estimation method using the dictionary,
any dictionary can be used, and a dictionary other than
the above-mentioned dictionary may be used. For exam-
ple, the validity estimation module 206 may estimate the
validity based on a dictionary which defines a relationship
between each search query and each valid attribute and
attribute value. In this case, the validity estimation mod-
ule 206 estimates that the estimation result of the first
model M1 is not valid when a combination of a search
query input to the first model M1 and the attribute and
attribute value output from the first model M1 is not
present in the dictionary, and estimates that the estima-
tion result of the first model M1 is valid when this combi-
nation is present in the dictionary.

[0125] In addition, for example, the validity estimation
module 206 may estimate the validity based on an esti-
mation method using a multi-label classification tool such
as extremeText. In this case, the validity estimation mod-
ule 206 inputs the combination of the search query and
the attribute and attribute value to the classification tool
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to estimate that this combination is not valid when a score
output from the classification tool is smaller than a thresh-
old value and estimate that this combination is valid when
this score is equal to or larger than the threshold value.
[0126] The execution module 207 executes the gen-
eration processing based on estimation results for the
validity respectively obtained by a plurality of estimation
methods. The execution module 207 executes the gen-
eration processing in comprehensive consideration of
the estimation results for the validity respectively ob-
tained by the plurality of estimation methods. That s, the
execution module 207 may execute the generation
processing through use of a statistical index based on
the estimation results for the validity respectively ob-
tained by the plurality of estimation methods. For exam-
ple, the execution module 207 stores, in the training da-
tabase DB3, the combination of the search query and
the attribute and attribute value for which the number of
estimation methods by which it has been estimated that
there is a validity is equal to or larger than a predeter-
mined number. The combination of the search query and
the attribute and attribute value for which the number of
estimation methods by which it has been estimated that
there is a validity is smaller than the predetermined
number is not to be used as the training data.

[0127] For example, the execution module 207 may
generate training data based on a majority decision by
the respective plurality of estimation methods and store
the training data in the training database DB3. When
there are five estimation methods, the execution module
207 estimates the validity of the combination of the
search query and the attribute and attribute value based
on the five respective estimation methods. That is, the
execution module 207 acquires five estimation results.
When three or more estimation results obtained out of
the five estimation results indicate that there is a validity,
the execution module 207 generates training data indi-
cating that the combination of the search query and the
attribute and attribute value is valid, and stores the train-
ing data in the training database DB3.

[0128] For example, the execution module 207 may
generate training data based on an average value of the
respective plurality of estimation methods, and store the
training data in the training database DB3. When there
are five estimation methods, the execution module 207
estimates the validity of the combination of the search
query and the attribute and attribute value based on the
five estimation methods. That is, the execution module
207 acquires five estimation results. The execution mod-
ule 207 generates training data that is a pair of the com-
bination ofthe search query and the attribute and attribute
value and the average value of the five estimation results,
and stores the training data in the training database DB3.
For example, when three estimation results obtained out
of the five estimation results indicate that there is a va-
lidity, the average value is 0.6. This average value indi-
cates the level of validity. As a model for using a plurality
of estimation methods in an integrated manner, a pro-
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grammable labeling model such as Snorkel may be used.
[0129] For example, the execution module 207 may
calculate a score indicating a comprehensive estimation
result based on the estimation results for the validity re-
spectively obtained by the plurality of estimation meth-
ods. In this case, the execution module 207 does not
execute the generation processing when this compre-
hensive score is smaller than a threshold value, and ex-
ecutes the generation processing when the comprehen-
sive score is equal to or larger than the threshold value.
For example, the execution module 207 may determine
a weight based on the number of estimation methods by
which it has been estimated that there is a validity or the
comprehensive score. In this case, the weight is deter-
mined so that, as the number of estimation methods by
which it has been estimated that there is a validity be-
comes larger or as the comprehensive score becomes
higher, the training data is learned by the first model M1
more intensively.

[0130] According to Modification Example 3, the valid-
ity is estimated based on the respective plurality of esti-
mation methods, and the generation processing is exe-
cuted based on the estimation results for the validity re-
spectively obtained by the plurality of estimation meth-
ods. As a result, the validity of the search query and the
attribute and attribute value is estimated in comprehen-
sive consideration of the plurality of estimation methods,
thereby increasing the estimation accuracy for the valid-
ity. The increase in estimation accuracy for the validity
based on the second model M2 also increases the ac-
curacy of the training data for the first model M1 executed
as the predetermined processing. Thus, due to the in-
crease in estimation accuracy of the first model M1, it
becomes easier to obtain a desired result. For example,
as the number of estimation methods used for estimating
the validity becomes larger, the accuracy of the training
data for the first model M1 is increased. Meanwhile, when
the number of estimation methods is too large and a cri-
terion of each individual estimation method is strict, there
is a possibility that, due to a small amount of training data
for the first model M1, a sufficient number of pieces of
training data cannot be obtained for the learning of the
first model M1. Thus, the accuracy of the training data
for the firstmodel M1 and the number of pieces of training
data forthe firstmodel M1 are considered to have a trade-
off relationship.

[5-4. Modification Example 4]

[0131] For example, in the embodiment, the case in
which the processing execution system S is applied to
the search service for web pages has been described,
but the processing execution system S can be applied
to any service. For example, the processing execution
system S can be used for an electronic commerce serv-
ice, a travel booking service, an Internet auction service,
a facility reservation service, a social networking service
(SNS), a financial service, an insurance service, a mov-
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ing image distribution service, or a communication serv-
ice. In Modification Example 4, there is described a case
in which the processing execution system S is applied to
the electronic commerce service. In Modification Exam-
ple 4, a product page on which a product appears corre-
sponds to the web page described in the embodiment.
[0132] The first data in Modification Example 4 is a
producttitle to be used as an index at the time of a search
for a product. The product title is a character string which
briefly describes a product. For example, in addition to
the producttitle, product description text is prepared. The
product title is shorter in length than the product descrip-
tion text. For example, while the product title has a char-
acter string of from about several characters to about 100
characters, the product description text has a character
string of from about several tens of characters to about
several thousands of characters. The product title is cre-
ated by a personin charge of a shop. Thus, in Modification
Example 4, the person in charge of the shop in the elec-
tronic commerce service corresponds to the creator. The
searcher is a user who uses the electronic commerce
service to purchase the product.

[0133] The first classification information in Modifica-
tion Example 4 is product attribute information to be used
as the index at the time of a search for a product. The
product attribute information is information relating to an
attribute of a product. The product attribute information
indicates at least one of an attribute or an attribute value.
In Modification Example 4, there is described a case in
which the product attribute information indicates both the
attribute and the attribute value, but the product attribute
information may indicate any one of the attribute or the
attribute value. For example, the attribute of the product
is the genre or category of the product. For example, the
attribute of the product may be a feature, such as the
color, size, texture pattern, or shape, of the product.
[0134] In the page database DB1 in Modification Ex-
ample 4, the title of the product and the attribute and
attribute value of the product are stored in association
with each other. The initial first model M1 has learned a
relationship between the title of the product and the at-
tribute and attribute value of the product. The search que-
ry database DB2 stores, as the second data and the third
data, search queries input in the past in the electronic
commerce service. The second classification information
acquisition module 202 acquires the attribute and at-
tribute value corresponding to each of the search queries
stored in the search query database DB2, based on the
first model M1 as the second classification information.
[0135] The second model M2 has learned a relation-
ship between a combination of a search query input in
the past and the attribute and attribute value of each prod-
uct and the validity of this combination. The validity esti-
mation module 206 inputs, to the second model M2, the
combination of a search query input to the first model M1
and the attribute and attribute value of the product output
from the first model M1. The validity estimation module
206 estimates the validity of a combination of those by
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acquiring output from the second model M2. The execu-
tion module 207 determines, based on the validity esti-
mated by the validity estimation module 206, whether or
not to generate a combination of those as the training
data for the first model M1.

[0136] According to Modification Example 4, the first
data is the product title to be used as the index at the
time of a search for the product, and the first classification
information is the product attribute information to be used
as the index at the time of a search for the product. As a
result, even when the processing execution system S is
applied to the electronic commerce service, it is possible
to obtain a desired result. For example, the intention of
the search query input by the user who uses the elec-
tronic commerce service can be estimated. As a result,
the estimated intention can be utilized for marketing in
the electronic commerce service and can increase the
accuracy of the search results in the electroniccommerce
service.

[5-5. Modification Example 5]

[0137] Forexample,the predetermined processing ex-
ecuted by the execution module 207 is not limited to the
generation processing described in the embodiment. The
execution module 207 may execute, as the predeter-
mined processing, search processing corresponding to
a search query based on the estimation result for the
validity. In Modification Example 5, when the user inputs
a search query, the processing of the second classifica-
tion information acquisition module 202, the validity es-
timation module 206, and the execution module 207 is
executed. The second classification information acquisi-
tion module 202 acquires the attribute and attribute value
corresponding to the search query input by the user
based on the first model M1. This first model M1 may be
a model trained by the same method as that in the em-
bodiment, or may be a model trained by another method.
[0138] The validity estimation module 206 estimates
the validity of a combination of the search query and the
attribute and attribute value. The estimation method for
the validity is the same as that in the embodiment. When
it is estimated that this combination is not valid, the ex-
ecution module 207 executes the search processing
based on the search query input by the user without using
the attribute and attribute value estimated by the first
model M1 in the search processing. When it is estimated
that this combination is valid, the execution module 207
executes the search processing so that the attribute and
attribute value estimated by the first model M1 are used
as the search query. In this case, the character string
input as the search query input by the user and the at-
tribute and attribute value estimated by the first model
M1 are used as the search query.

[0139] According to Modification Example 5, the
search processing corresponding to the search query is
executed based on the estimation result for the validity.
As a result, not only the search query input by the user
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but also the estimation result of the first model M1 esti-
mated as being valid can be used in the search process-
ing, thereby increasing the accuracy of the search
processing.

[5-6. Modification Example 6]

[0140] For example, the execution module 207 may
execute, as the predetermined processing, output
processing for outputting the search query and the at-
tribute and attribute value based on the estimation result
for the validity. The execution module 207 outputs the
combination of the search query and the attribute and
attribute value estimated as being valid to a terminal of
the administrator of the processing execution system S.
The execution module 207 may output the estimation
result for the validity and the combination of the search
query and the attribute and attribute value to the terminal
of the administrator. The output to the terminal of the
administrator may be performed by displaying an image,
or may be performed by outputting data.

[0141] According to Modification Example 6, the output
processing for outputting the search query and the at-
tribute and attribute value is executed based on the es-
timation result for the validity. As a result, the adminis-
trator can be notified of a relationship between the search
query and the attribute and attribute value, and hence
the relationship can be utilized for marketing or the like.

[5-7. Modification Example 7]

[0142] For example, in the embodiment, the case in
which the second data is the search query for a web page
has been described, but the second data may be data
relating to a post by a user. The post includes at least
one of text or an image. In Modification Example 7, there
is described a case in which the user submits a post to
an SNS, but the user may submit a post to any service.
Examples thereof may include a post to an Internet en-
cyclopedia, a post to a bulletin board, and a comment on
anews article. The post itself to an SNS may be any one
of various posts, and may be, for example, a short text
post, an image, a moving image, or a combination of
those.

[0143] The second classification information is infor-
mation relating to a classification of a post. In Modification
Example 7, a case in which this classification is informa-
tion referred to as "hashtag" is taken as an example, but
the second classification information in Modification Ex-
ample 7 may be information other than the hashtag. In
Modification Example 7, when the user uploads a post,
the processing of the second classification information
acquisition module 202, the validity estimation module
206, and the execution module 207 is executed. The sec-
ond classification information acquisition module 202 ac-
quires, based on the first model M1, a hashtag corre-
sponding to the post by the user. It is assumed that the
first model M1 in Modification Example 7 has learned a
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relationship between each post uploaded to an SNS in
the past and each hashtag added to this post. This first
model M1 may be a model trained by the same method
as that in the embodiment, or may be a model trained by
another method.

[0144] The validity estimation module 206 estimates
the validity of a combination of the post by the user and
the hashtag. The estimation method for the validity is the
same as that in the embodiment. When it is estimated
that this combination is not valid, the execution module
207 does not add the hashtag estimated by the first model
M1 to the post by the user. When it is estimated that this
combination is valid, the execution module 207 adds the
hashtag estimated by the first model M1 to the post by
the user.

[0145] According to Modification Example 7, the sec-
ond data is the data relating to the post by the user, and
the second classification information is the information
relating to the classification of the post. As a result, even
when the processing execution system S is applied to,
for example, an SNS, it is possible to obtain a desired
result. For example, an appropriate hashtag can be add-
ed to the post submitted by the user.

[5-8. Modification Example 8]

[0146] For example, the estimation method for the va-
lidity performed by the validity estimation module 206 is
not limited to the methods described in the embodiment
and Modification Examples 1 to 7. In Modification Exam-
ple 8, another example of the estimation method is de-
scribed. In Modification Example 8, in the same manner
as in Modification Example 4, there is described a case
in which the processing execution system S is applied to
the electronic commerce service, but the estimation
method in Modification Example 8 can be applied to any
service other than the electronic commerce service.
[0147] FIG. 11 is a diagram for illustrating an example
of functional blocks in Modification Example 8. As illus-
tratedin FIG. 11, in Modification Example 8, a fourth clas-
sification information acquisition module 208 is imple-
mented in addition to the functions described in the em-
bodiment and Modification Examples 1 to 7. The other
functions may be the same as those of the embodiment
and Modification Examples 1 to 7, but the data storage
unit 200 differs in that the data storage unit 200 stores a
candidate group database DB5 and a third model M3.
The details of the candidate group database DB5 and
the third model M3 are described later.

[0148] FIG. 12 is a diagram for illustrating an outline
of processing executed in Modification Example 8. As
illustrated in FIG. 12, in the page database DB1 in Mod-
ification Example 8, the title of a product which can be
purchased in the electronic commerce service, the genre
of the product, a tag group of the product, and a tag of
the product are associated with each other. The genre,
tag group, and tag are examples of the classifications of
the product. In Modification Example 8, there is described
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a case in which the data stored in the page database
DB1 is used as the training data for both the first model
M1 and the third model M3.

[0149] The genre of the product is the type of the prod-
uct. The genre of the product may also be referred to as
"category of the product." The tag group is an example
of the attribute described in Modification Example 4. The
tag of the product is an example of the attribute value
described in Modification Example 4. In Modification Ex-
ample 8, the tag group and tag are the classification ob-
tained from a point of view different from that of the genre
or category. The tag group and tag are not the type of
the product itself but information indicating the feature,
such as the color, texture pattern, size, or shape, of the
product. There are a plurality of combinations of the tag
group and the tag even for products of the same genre.
[0150] The first learning module 201 in Modification
Example 8 executes the learning processing of the first
model M1 based on a relationship between the title of
the product stored in the page database DB1 and the tag
group and tag of the product. When the title of a certain
product is input, the first learning module 201 executes
the learning processing of the first model M1 so as to
output the tag group and tag of this product. In the ex-
ample of FIG. 12, a product of a genre "123456" (genre
ID meaning "Lady Fashion") is illustrated, but it is as-
sumed that the page database DB1 stores data on prod-
ucts of various genres and the first model M1 learns the
products of the various genres. The genre ID is an ID
that can identify a genre. The genre ID is represented by
a number, another symbol, or a combination of those.
The genre may be represented by a character string.
[0151] The second classification information acquisi-
tion module 202 in Modification Example 8 inputs a
search query stored in the search query database DB2
to the first model M1, and acquires the tag group and tag
output from the first model M1 as the second classifica-
tion information. The second classification information in
Modification Example 8 indicates a combination of the
tag group and tag relating to the search query. The tag
group of the search query is an example of afirst attribute.
The tag of the search query is an example of a first at-
tribute value. Thus, the tag group of the search query as
used herein can be read as the first attribute. The tag of
the search query as used herein can be read as the first
attribute value. The meanings of the attribute and at-
tribute value are the same as those described in the em-
bodiment or Modification Example 4.

[0152] In the example of FIG. 12, the second classifi-
cation information acquisition module 202 inputs a
search query "Elegant Ladies Down Jacket" to the first
model M1, and acquires a combination of three tag
groups and tags output from the first model M1 as three
pieces of second classification information. The first
piece of second classification information is a combina-
tion of a tag group "Fashion Taste" and a tag "Elegant.”
The second piece of second classification information is
a combination of a tag group "Interior Taste" and a tag
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"Elegant."” The third piece of second classification infor-
mation is a combination of a tag group "Material" and a
tag "Down Feather."

[0153] In Modification Example 8, the search query is
input not only to the first model M1 but also to the third
model M3. The third model M3 is a model that has learned
the relationship between the title of the product stored in
the page database DB1 and the genre of the product. In
Modification Example 8, there is described a case in
which a product used as the training data for the first
model M1 and a product used as training data for the
third model M3 are the same, but those products may
differ from each other. That is, the third model M3 may
learn a relationship between the title of another product
different from the product learned by the first model M1
and the genre of the another product. The title of the
another product is an example of fourth data. The fourth
data is data different from the first data. The third model
M3 may be any data that has learned a relationship be-
tween the first data or fourth data and fourth classification
information on the first data or fourth data.

[0154] For example, the fourth classification informa-
tion acquisition module 208 acquires, based on the third
model M3, the fourth classification information relating
to the classification of the search query obtained from a
point of view different from that of the second classifica-
tion information. The genre of the search query is an ex-
ample of the fourth classification information. Thus, the
genre of the search query as used herein can be read
as the fourth classification information. In Modification
Example 8, the fourth classification information indicates
a second attribute obtained from a point of view different
from that of the first attribute. The genre is also an ex-
ample of the second attribute. The second attribute may
be not only the genre but also another attribute described
in the embodiment or Modification Example 4.

[0155] Thefourth classification information may be any
classification obtained from a point of view different from
that of the second classification information, and is not
limited to the genre. The fourth classification information
is only required to indicate a classification corresponding
to a situation to which the processing execution system
S is applied. For example, when the processing execu-
tion system S is applied to the classification of such a
web page as described in the embodiment and the web
page provides an academic paper, a technical field indi-
cated by the paper may correspond to the fourth classi-
fication information. As another example, when the
processing execution system S is applied to the classifi-
cation of a web page in a travel booking system, the type
of a travel product such as a hotel, a tour, a highway bus,
or an optional tour may correspond to the fourth classi-
fication information.

[0156] The fourth classification information acquisition
module 208 inputs a search query to the third model M3,
and acquires the genre output from the third model M3
as the fourth classification information. The third model
M3 has learned the relationship between the title of the
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product and the genre thereof, and hence the genre that
presupposes that the search query is the title of the prod-
uct is estimated. In other words, the genre of the product
forwhich the user who has input the search query intends
to search is estimated. In the example of FIG. 12, the
fourth classification information acquisition module 208
inputs the search query "Elegant Ladies Down Jacket"
to the third model M3, and acquires the genre "123456"
(genre ID meaning "Lady Fashion") output from the third
model M3 as the fourth classification information.
[0157] InModification Example 8, the estimation meth-
od for the validity is to determine whether or not the sec-
ond classification information and the fourth classification
information correspond to each other. The condition that
the second classification information and the fourth clas-
sification information correspond to each other means
that the second classification information is appropriate
as the classification indicated by the fourth classification
information. In contrast, the condition that the fourth clas-
sification information is appropriate as the classification
indicated by the second classification information may
correspond to the condition that the second classification
information and the fourth classification information cor-
respondto each other. Forexample, when the fourth clas-
sification information indicates the genre such as
"123456" of FIG. 12, there are various sizes for women
fashion goods, and hence the second classification in-
formation indicating the tag group "Size" corresponds to
the fourth classification information. Meanwhile, it is in
principle unthinkable to use women fashion goods as in-
terior goods, and hence the second classification infor-
mation indicating the tag group "Interior Taste" does not
correspond to the fourth classification information.
[0158] In Modification Example 8, an association be-
tween the second classification information and the
fourth classification information is defined in the candi-
date group database DB5. A combination of the second
classification information and the fourth classification in-
formation which are defined in the candidate group da-
tabase DB5 satisfies the condition that the second clas-
sification information and the fourth classification infor-
mation correspond to each other. The association be-
tween the second classification information and the
fourth classification information may be defined by the
administrator of the processing execution system S by
himself or herself, or an association between the genre
and tag group of the product page in the electronic com-
merce service may be used as it is. The association be-
tween the second classification information and the
fourth classification information may be defined in a da-
tabase other than the candidate group database DB5, or
there may be a learning model that determines whether
or not the association between those is appropriate. It is
assumed that this learning model has learned combina-
tions of the second classification information and the
fourth classification information which correspond to
each other.

[0159] As illustrated in FIG. 12, the candidate group
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database DB5 is a database in which each candidate
group relating to the second classification information is
associated with each candidate relating to the fourth clas-
sification information. For example, tag groups appropri-
ate for products of one certain genre are defined in the
candidate group database DBS5. In the example of FIG.
12, the tag groups "Fashion Taste," "Material," and
"Size,"which are appropriate for the products ofthe genre
"123456," are defined. In regard to other genres, tag
groups appropriate for the other genres are defined in
the candidate group database DB5 in the same manner.
In the candidate group database DB5, not only tag groups
but also tags may be defined. In this case, appropriate
combinations of the genre and the tag group and tag are
defined in the candidate group database DB5.

[0160] The validity estimation module 206 determines
whether or not the second classification information and
the fourth classification information correspond to each
other, and estimates the validity based on a result of the
determination. When the validity estimation module 206
does not determine that the second classification infor-
mation and the fourth classification information corre-
spond to each other, the validity estimation module 206
determines that the tag group and tag estimated for the
search query are not valid (that is, are invalid). When the
validity estimation module 206 determines that the sec-
ond classification information and the fourth classification
information correspond to each other, the validity esti-
mation module 206 determines that the tag group and
tag estimated for the search query are valid.

[0161] Forexample, the validity estimation module 206
determines whether or not the second classification in-
formation corresponds to the fourth classification infor-
mation based on the candidate group database DB5.
That is, the validity estimation module 206 determines
whether or not the tag group indicated by the second
classification information and the genre indicated by the
fourth classification information correspond to each oth-
er. When the combination of the genre estimated for the
search query and the tag group estimated for the search
query is present in the candidate group database DB5,
the validity estimation module 206 determines that the
tag group and tag estimated for the search query are
valid.

[0162] In the example of FIG. 12, of three tag groups
"Fashion Taste," "Interior Taste," and "Material" indicated
by three pieces of second classification information, two
tag groups "Fashion Taste" and "Material" are associated
with the genre "123456" of the search query in the can-
didate group database DBS5, and hence correspond to
this genre. Meanwhile, the tag group "Interior Taste" is
not associated with the genre "123456" of the search
query in the candidate group database DB5, and hence
does not correspond to this genre.

[0163] Thus, the validity estimation module 206 esti-
mates that the combination of the tag group "Fashion
Taste" and the tag "Elegant," which is the first piece of
second classification information, and the combination
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of the tag group "Material" and the tag "Down Feather,"
which is the third piece of second classification informa-
tion, are valid. The validity estimation module 206 esti-
mates that the combination of the tag group "Material"
and the tag "Elegant," which is the second piece of sec-
ond classification information, isinvalid. The second clas-
sification information estimated as being valid may be
used for the same purpose as those in the embodiment
and Modification Examples 1 to 7. In the example of FIG.
12, the second classification information estimated as
being valid is used for the learning of the first model M1.
[0164] An acquisition method for the fourth classifica-
tion information is not limited to the method using the
third model M3. It suffices that the fourth classification
information acquisition module 208 acquires the fourth
classification information based on a predetermined ac-
quisition method. As another example of the acquisition
method, a database in which a relationship between a
detail that can be input as a search query and a genre
appropriate for this detail is defined may be used in place
of the model which uses machine learning. In this case,
the fourth classification information acquisition module
208 refers to this database to acquire the genre associ-
ated with the search query as the fourth classification
information. It suffices that a perfect match or a partial
match is determined between the search query and the
detail stored in the database.

[0165] Further, the fourth classification information
may indicate genres having a hierarchical structure. The
hierarchical structure can be said to be a tree structure.
The classification indicated by a genre at a higher hier-
archical level becomes broader, while the classification
indicated by agenre atalower hierarchical level becomes
more detailed. The number of products becomes larger
as the hierarchical level becomes higher, while the
number of products becomes smaller as the hierarchical
level becomes lower. For the genre "123456" of FIG. 12,
a genre ID indicating "Fashion" is present as a higher-
level genre. In addition, genre IDs indicating genres such
as "Tops," "Bottoms," and "One-piece" are present as
lower-level genres.

[0166] When genres have a hierarchical structure, a
high-level genre and alow-level genre has a one-to-many
relationship in principle. The genres may have any
number of hierarchical levels as long as the number of
hierarchical levels is two or more. It is assumed that re-
lationships between genres having various hierarchical
levels and tag groups appropriate for the genres at those
hierarchical levels are defined in the candidate group da-
tabase DB5. For example, as the level of a genre be-
comes higher, more lower-level genres are presentunder
the genre, and hence the number of corresponding tag
groups becomes larger. As the level of a genre becomes
lower, less or no lower-level genres are present under
the genre, and hence the number of corresponding tag
groups becomes smaller.

[0167] Forexample, when the validity estimation mod-
ule 206 determines that the second classification infor-
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mation and the fourth classification information corre-
spond to each other, the validity estimation module 206
estimates the certainty of the validity based on the hier-
archical level of the fourth classification information de-
termined to correspond to the second classification in-
formation. For example, the validity estimation module
206 sets the certainty of the validity higher as the hierar-
chical level of the fourth classification information deter-
mined to correspond to the second classification infor-
mation becomes lower. The validity estimation module
206 sets the certainty of the validity lower as the hierar-
chical level of the fourth classification information deter-
mined to correspond to the second classification infor-
mation becomes higher. For example, the certainty of
the validity is stored in the training database DB3. In the
learning processing of the first model M1, only pieces of
training data having the certainty equal to or larger than
a threshold value may be used, or a predetermined
number of pieces of training data in descending order of
the certainty may be used.

[0168] According to Modification Example 8, it is de-
termined whether or not the second classification infor-
mation on the search query and the fourth classification
information on the search query correspond to each oth-
er, and the validity of the combination of the search query
and the second classification information is estimated
based on a result of the determination. This increases
the estimation accuracy for the validity. For example, the
validity can be estimated by processing having a rela-
tively small amount of calculation, and hence itis possible
to reduce a processing load on the learning server 20
and to speed up the processing for estimating the validity.
[0169] Further, the processing execution system S ac-
quires the fourth classification information based on the
third model M3. As a result, even for an unknown search
query (search query having a character string different
from that of the title of the product stored in the page
database DB1), it is possible to estimate the fourth clas-
sification information. Thus, itis possible to estimate the
validity of the second classification information estimated
for the unknown search query.

[0170] Further, the processing execution system S de-
termines whether or not the second classification infor-
mation corresponds to the fourth classification informa-
tion based on the candidate group database DB5 in which
each candidate group relating to the second classification
information is associated with each candidate relating to
the fourth classification information. As a result, it is pos-
sible to accurately determine whether or not the second
classification information corresponds to the fourth clas-
sification information. In addition, it is only required to be
determined whether or not the combination of the second
classification information on the search query and the
fourth classification information on the search query is
presentin the candidate group database DB5, and hence
the validity of whether the combination of the search que-
ry and the second classification information can be de-
termined by processing having a smaller amount of cal-
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culation. Thus, it is possible to reduce the processing
load on the learning server 20 and to speed up the
processing for estimating the validity.

[0171] Further, the processing execution system S de-
termines whether or not the tag group indicated by the
second classification information and the genre indicated
by the fourth classification information correspond to
each other. As a result, when classifications obtained
from a plurality of points of view are associated with the
product as in the electronic commerce service, the va-
lidity of the combination of the search query and the sec-
ond classification information can be accurately estimat-
ed through use of whether or not a combination of the
classifications obtained from the plurality of points of view
is appropriate.

[0172] Further, when it is determined that the second
classification information and the fourth classification in-
formation correspond to each other, the processing ex-
ecution system S estimates the certainty of the validity
based on the hierarchical level of the fourth classification
information determined to correspond to the second clas-
sification information. As a result, the validity of the com-
bination of the search query and the second classification
information can be accurately estimated through use of
the hierarchical structure.

[5-9. Other Modification Examples]

[0173] For example, the modification examples de-
scribed above may be combined.

[0174] For example, the functions described as being
implemented by the search server 10 may be implement-
ed by another computer, or may be distributed among a
plurality of computers. The functions described as being
implemented by the learning server 20 may be imple-
mented by another computer, or may be distributed
among a plurality of computers. For example, the data
described as being stored in the data storage units 100
and 200 may be stored in a database server.

Claims
1. A processing execution system, comprising:

a second classification information acquisition
module configured to acquire second classifica-
tion information relating to a classification of sec-
ond data based on a first model which has
learned arelationship between first data and first
classification information relating to a classifica-
tion of the first data;

a validity estimation module configured to esti-
mate, based on a predetermined estimation
method, a validity relating to a combination of
the second data and the second classification
information; and

an execution module configured to execute pre-
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determined processing based on an estimation
result for the validity.

2. Theprocessing execution system according to claim

1,

wherein the predetermined estimation method
comprises a method using a second model
which has learned a relationship between a
combination of third data and third classification
information relating to a classification of the third
data and a validity of the combination, and
wherein the validity estimation module is config-
ured to estimate the validity based on the second
model.

3. Theprocessing execution system according to claim

2,

wherein the first model is configured to learn a
relationship between the first data and the first
classification information, which have been ac-
quired based on a first database including can-
didates for the first data and candidates for the
first classification information, and

wherein the second model is configured to learn
a relationship between the third data and the
third classification information, which have been
acquired based on a second database including
candidates for the third data and candidates for
the third classification information, the second
database having been obtained from a point of
view different from a point of view of the first
database.

The processing execution system according to claim
2 or 3, further comprising a third classification infor-
mation acquisition module configured to acquire the
third classification information based on the third da-
ta and the first model,

wherein the second model is configured to learn a
relationship between the combination of the third da-
ta and the third classification information and a va-
lidity indicating that the combination is valid.

The processing execution system according to any
one of claims 2 to 4, further comprising a candidate
generation module configured to generate candi-
dates for the third data and the third classification
information based on each of a plurality of generation
methods,

wherein the second model learns, as the third data
and the third classification information, the candi-
dates generated by a plurality of methods among the
plurality of generation methods.

The processing execution system according to any
one of claims 2 to 5, wherein the validity estimation
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8.

10.

1.

12.

42

module is configured to acquire a score output from
the second model based on the combination of the
second data and the second classification informa-
tion, and estimate the validity based on the acquired
score.

The processing execution system according to any
one of claims 1 to 6,

wherein the predetermined estimation method
comprises a method using a cosine similarity
which is based on the second data and the sec-
ond classification information, and

wherein the validity estimation module is config-
ured to estimate the validity based on the cosine
similarity.

The processing execution system according to any
one of claims 1 to 7,

wherein the validity estimation module is config-
ured to estimate the validity based on each of a
plurality of the predetermined estimation meth-
ods, and

wherein the execution module is configured to
execute the predetermined processing based
on estimation results for the validity respectively
obtained by the plurality of the predetermined
estimation methods.

The processing execution system according to any
one of claims 1 to 8,

wherein the second data comprises a search
query input by a user, and

wherein the second classification information
comprises information relating to a classification
of the search query.

The processing execution system according to claim
9,

wherein the predetermined estimation method
comprises a method using query selection data
indicating a relationship between a search query
input in a past and a result of selection from
search results based on the search query, and
wherein the validity estimation module is config-
ured to estimate the validity based on the query
selection data.

The processing execution system according to claim
9 or 10, wherein the first data and the first classifi-
cation information comprise data to be used as an
index at a time of a search.

The processing execution system according to claim
11,
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wherein the first data comprises a product title
to be used as the index at the time of a search
for a product, and

wherein the first classification information com-
prises product attribute information to be used
as the index at the time of a search for the prod-
uct.

The processing execution system according to any
one of claims 9 to 12, wherein the second classifi-
cation information comprises information relating to
an intention of the user who has input the search

query.

The processing execution system according to any
one of claims 9 to 13, wherein the execution module
is configured to execute, as the predetermined
processing, search processing corresponding to the
search query based on the estimation result for the
validity.

The processing execution system according to any
one of claims 1 to 14, wherein the execution module
is configured to execute, as the predetermined
processing, generation processing for generating
training data for the first model to learn based on the
combination of the second data and the second clas-
sification information and the estimation result for
the validity.

The processing execution system according to any
one of claims 1 to 15,

wherein the first model comprises a multi-label
model,

wherein the second classification information
acquisition module is configured to acquire a
plurality of pieces of the second classification
information based on the first model,

wherein the validity estimation module is config-
ured to estimate the validity for each of the plu-
rality of pieces of the second classification infor-
mation, and

wherein the execution module is configured to
execute the predetermined processing based
on the validity of each of the plurality of pieces
of the second classification information.

The processing execution system according to any
one of claims 1 to 16, wherein the execution module
is configured to execute, as the predetermined
processing, output processing for outputting the sec-
ond data and the second classification information
based on the estimation result for the validity.

The processing execution system according to any
one of claims 1 to 17,
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19.

20.

21.

22,

44

wherein the second data comprises data relat-
ing to a post by a user, and

wherein the second classification information
comprises information relating to a classification
of the post.

The processing execution system according to any
one of claims 1 to 18, further comprising a fourth
classification information acquisition module config-
ured to acquire, based on a predetermined acquisi-
tion method, fourth classification information relating
to a classification of the second data obtained from
a point of view different from a point of view of the
second classification information,

wherein the predetermined estimation method
comprises determining whether the second
classification information and the fourth classi-
fication information correspond to each other,
and

wherein the validity estimation module is config-
ured to determine whether the second classifi-
cation information and the fourth classification
information correspond to each other, and esti-
mate the validity based on a result of the deter-
mination.

The processing execution system according to claim
19,

wherein the predetermined acquisition method
comprises a method using a third model which
has learned arelationship between the first data
or fourth data and the fourth classification infor-
mation on the first data or the fourth data, and
wherein the fourth classification information ac-
quisition module is configured to acquire the
fourth classification information based on the
third model.

The processing execution system according to claim
19 or 20, wherein the validity estimation module is
configured to determine whether the second classi-
fication information corresponds to the fourth classi-
fication information based on a candidate group da-
tabase in which a candidate group relating to the
second classification information is associated with
each candidate relating to the fourth classification
information.

The processing execution system according to any
one of claims 19 to 21,

wherein the second classification information in-
dicates a combination of a first attribute and a
first attribute value relating to the second data,
wherein the fourth classification information in-
dicates a second attribute obtained from a point
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of view different from a point of view of the first
attribute, and

wherein the validity estimation module is config-
ured to determine whether the first attribute in-
dicated by the second classification information 5
and the second attribute indicated by the fourth
classification information correspond to each
other.

23. The processing execution system according to any 10
one of claims 19 to 22,

wherein the fourth classification information in-
dicates classifications having a hierarchical
structure, and 15
wherein the validity estimation module is config-
ured to estimate, when it is determined that the
second classification information and the fourth
classification information correspond to each
other, certainty of the validity based on a hier- 20
archical level of the fourth classification informa-

tion determined to correspond to the second
classification information.

24. A processing execution method, comprising: 25

a second classification information acquisition
step of acquiring second classification informa-

tion relating to a classification of second data
based on a first model which has learned are- 30
lationship between first data and first classifica-

tion information relating to a classification of the

first data;

a validity estimation step of estimating, based

on a predetermined estimation method, a valid- 35
ity relating to a combination of the second data

and the second classification information; and

an execution step of executing predetermined
processing based on an estimation result for the
validity. 40

25. A program for causing a computer to function as:

a second classification information acquisition
module configured to acquire second classifica- 45
tion information relating to a classification of sec-

ond data based on a first model which has
learned arelationship between first data and first
classification information relating to a classifica-

tion of the first data; 50
a validity estimation module configured to esti-
mate, based on a predetermined estimation
method, a validity relating to a combination of

the second data and the second classification
information; and 55
an execution module configured to execute pre-
determined processing based on an estimation
result for the validity.

24
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